Flight measurements of the flying qualities of an F6F-3 airplane (BuAer No. 04776) I : longitudinal stability and control by Reeder, John P
NATIONAL ADVISORY COMMITTEE FOR AERONAUnCS 
ORIGINALLY ISSUED 
Febnzarg 1945 88 
Marnorandurn Report L913 
FIJGEl! b- OF THE FulING QuAIsmEs 
OF Am F6F-3 AIRPUW (BUAER NO. O4"j'6) 
I - IIoIGIlvDINAL STABIISrp Am CONTROL 
By Walter C. William5 and John P. Reeder 
Iangley Memorial Aeronautical Iaboratorg 
Iangley N e l d ,  Va. 
WASHINGTON 
NACA WARThE REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 
https://ntrs.nasa.gov/search.jsp?R=19930092600 2020-06-17T01:30:21+00:00Z
MR No. L 5 B l 3  
NATIONAL ABV~'SORY COMMITTEE FUR AERORAUTICS 
MEMORANDUM REPORT 
for the 
Bureau of Aeronaut ics ,  Nsvy deyartment 
FLIGHT MEASURmENTS OF TEE FLYING LJTJALITTES 
OF AW F6F-3 HIRPLAKE (BTYAER YO. 04776) 
7: - LONGITUDINAL STASILITY Ai'D CONTROL 
By Vlalter C .  Williams and John P. Reeder 
I N T R 0 3 U C T I O N  
A t  t h e  r eques t  of the Bureau o f  Aeronaut ics ,  Navy 
Department, f l i g h t  measurements were made of t he  handl ing 
q u a l i t i e s  of an F6F-3 a i r g l a n e .  T k i r t y  f l i g h t s  were made 
covering t h e  per iod from Tebruary 1 t o  bday 3-5, l$.&. 
T h i s  t e s t  program was conducted a t  t he  Langley $' ield 
l a b o r a t o r y  o f  t h e  NACA. The present  paper g ives  rezi.11ts 
of t e s t s  made t o  determine the  1ongLtudinaL s t a b i l i t y  
and c o n t r o l  of t h e  s u b j e c t  a i r g l a s e .  
p o r t i o n  of t he  i n v e s t i g a t i o n ,  whlch i nc ludes  the  l a t e r a l  
and d i r e c t i o n a l  s t a b i l i t y  and co,i trol  
c h a r a c t e r i s t i c s ,  will be covered i n  two l a t e r  r e p o r t s .  
The remaining 
and t h e  s t a l l i n g  
The ~ 6 p - 3  i s  a s ingle-engine,  s tng le -p laoe ,  l o w - w i q ?  
f i g h t e r - t y p e  nonoplane. F igures  1, 2, and fi a r e  gene ra l  
views of  t he  s u b ' e c t  a i r g l a n e .  
given i n  f i g u r e  r' 1. 
t h e  1i'6~-3 a i r p l a n e  a r e  a s  fo l f3vs :  
A three-view dyaviing i s  
P e r t i n e n t  d e t a i l s  and dirr.ensions o f  
Name and type . . . . . . . . . . . . . .  Grummn F ~ P - 3  
Engine . . . . . . . . . . .  Pratt & Wh:'LtrLey R-2S30-li) 
Rat ing : 
Take-off,  hp . . . . . . . . . . . . . . . . . .  2 b O O  
Maximum cont inuous,  hp . . . . . . . . . . . . .  1675 
M i l i t a r y  . . . . . . . . . . . .  1.650 hp a t  25,003 f t  
. 
2 
. : 
Sunercharger (two-speed, two-stage)  : 
Gain s t a g e  blower ratio . . . . . . . . . .  7.8:1 
Low blower r a t i o  . . . . . . .  . e . e . 6. i r6:1 
High blower r a t 3 0  . . . . . . . . . . . . .  7.93:l 
p r o p e l l e r  . . . . . . . . .  ' i "mi l t3n  Standar? ~ ~ ~ o : w ' c - ' L c  
Diarr,etor . . . . . . . . . . . . . . . .  13 f t  1 i l l .  
Numker o f  b1aCes . . . . . . . . . . . . . . . . .  3 
Gear r a t i o  . . . . . . . . . . . . . . . . . . .  2:l 
Fuel capac i ty ,  ghl . . . . . . . . . . . . . . . .  250 
Oil capac i ty ,  g a l  . . . . . . . . . . . . . . . . . .  13 
(wheels u p ) ,  Ib . . . . . .  10.600 ( a t  ta;,Ce-r-)ff) 
(wheels u p ) ,  lb . . . . . .  11,303 ( a t  t h k e - D f f )  
(wheels u p ) ,  lb . . . . . .  11,500 ( a t  t a k e - o f f )  
h e i g h t s  as flown f o r  t e s t s :  
c . g .  a t  24.4 percent  
c . g .  a t  28.5 percent  
c .g .  a t  31.2 percent; 
Nornial f i g h t e r ,  c.6. a t  25 Tiercent 
M . A . C .  (wheels u p ) ,  lb e . . . , . . 11,364 
Overload f i g h t e r ,  c . g .  a t  26 .1  percent  
Service loading: 
D I ~ A . c .  (wheels u p ) ,  Ib . . . . . . . . . . .  12,1$3 
King : 
Sqan. f t  . . . . . . . . . . . . . . . . . . . .  42.235 
&ea' ( I n c l u 6 i n g  a i l e r 3 n s  and 
sectj-on th ra igh  f u s e i z g e )  sq f t  . . . . . . .  
A i r f o i l  s e c t f o n  r o o t  . . . .  NACA 25915.6 (rnoCif!-e6-) 
A i r f o i l  s e c t i o n  t i n  . . . . . . . . . . .  N ~ C A  LigOOY 
I L ~ ~ A , ~ , ,  i n .  . . . . . . . . . . . . . . . . .  ;17. 
L.E .  1 J . A . C .  a f t  L.E. s t a t i o n  75, i.n. . . .  5.7  
Taper r a t i o  . . . . . . . . . . . . . . . . . .  2:l 
Incidence f r o m  t h r u s t  ax:s, deg . . . . . . . . . . .  3 
Span, f t  . . . . . . . . . . . . . . . . . . .  12.17 
D e f l e c t i o n ,  under no load, deg . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . .  *z Aspect i l a t io  
,1 . e e . (7 Dihedral (from s t a t i o n  75 t o  t i p ) ,  deg . a 
Uing f l a p s  (NACA s l o t t e d ) :  . . . . . . . . . . . . . . . . . .  Area, sq f t  39.3 
( F o r  d e f l e c t i o n  under aerodynamic lohds  see f o l l ~ v v : n ~  
d e s c r i p t i o n )  
Ailerons : 
%pan, f t  . . . . . . . . . . . . . . . . . . .  6 . 3 1 2  
Area ( a f t  hinge l i n e ) ,  each, sq f t  . . . . . . .  r ( . G  
Area (forward.  hinge l i n e ) ,  each, sq f t  . . . . .  2.72 
Aileron chord, percent  wing chord . . , . . e . 29 
Inboard end o f  a l l e r o n  f r o m  o f  
a i r p l a n e ,  pe rcen t  semispan . . . . . . . . . .  64 
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Hor izon ta l  t a i l :  . . . . . . . . . . . . . . . . . . . . .  
Area, sq f t  . . . . . . . . . . . . . . . . .  77.8 Soan, f t  
Incidence from t h r u s t  axis, L.E. up,  deg . . 
Elevator  a r e a  ( a f t  h'inge l i n e  
Eleva tor  balance a r e a ,  sq  f t  . . . . . . . . . .  8.32 
Eleva tor  t r im- tab  a r e a ,  each, sq f t  . . . . . .  1.0  
O f f s e t  f rom t k r u s t  a x i s ,  deg . . .  .' . . . . . . .  0 
F in  a r e a ,  sq f t  . . . . . . . . . . . . . . . .  12.5 
Rudder area,  ( a f t  hinge l i n e  
Rudder horn-balance a r e a ,  sy f t  . . . . . . .  0.676 
Rudder t r i m - t h b  a r e a ,  sq P t  . . . . . . . . . .  0.62 
*;5 
S t a b i l l z e r  a r e a ,  sc, f t  . . . . . . . . . . .  : * 4 j . 7 l  
i nc lud ing  t a b ) ,  sq f t  . . . . . . . . . . .  2 .7s 
Area, sq f t  . . . . . . . . . . . . . . . . . . .  23.4 
inc lud ing  tab), sq f t  9.0 
V e r t i c a l  t a i l  
' 
. . . . . . . . . . . .  
The f laDs  on  t h e  s u b j e c t  a i r p l a n e  a r e  o f  p a r t i c u l a r  
i n t e r e s t ,  The f l a p s  a re  i n  fou r  segments, a s  shown i n  
f i g u r e  4. These flap segments a r e  not  i n t e rconnec ted .  
Figure 5 shows t h e  D o s i t i o n  of t h e  f l a ~ s  when d e f l e c t e d  
under no load .  The f l a ~ s  a r e  spr ing-loaded,  however, 
and under aerodynaaic  l o a d s  each sck;nlent r o t a t e s  inde-  
Pendent ly  abcut  t h e  hinge a x i s  a s  shown i n  f i g u r e  5.  
During; the  present  t e s t s ,  no machine guns were 
i n s t a l l e d  and the  gun n o r t s  w e r e  c losed  by means of me ta l  
p l a t e s  as can be seen i n  f i g w e  2 .  
The r e l a t i o n  between eIeva tor  d e f l e c t i o n  and s t i c k  . 
p o s i t i o n  i s  sliovm i n  f i g u r e  6 .  The e l e v a t o r  ang le s  as 
used i n  t h i s  r e p o r t  a r e  i n  degrees f'rm the t h r u s t  a x i s .  
The s t a b i l i z e r  incidence r e l a t i v e  t o  t h e  tlrrust a x i s  
i s  3 O . ,  Elevator  t r im- tab  angles a r e  g iven  i n  degrees 
from the  e l e v a t o r .  A s e c t i o n  of' t he  e l e v ~ t o r  a t  a 
s t a t i o n  60 inches  from the  h i rp lene  cen te r  l i n e  i s  shown 
i n  f i g u r e  7 .  The e l e v a t o r  was fabr ic -cavered  and t h e  
beve l  a t  t h e  t r a i l i n g  edge was caused by the t r & i l i n g -  
edge s t r i p  not  f a i r i n g  w i t h  t he  f a b r i c .  The beve l  was 
n o t  c o n s i s t e n t  along t h e  t r a i l i n g  edge. The product of 
t h e  span sr,d chord squared, on which e l e v a t o r  hinge-moment 
c o e f f i c i e n t s  presented  h e r e i n  a re  based ,  i s  39.31 f e e t ? .  
The f r i c t i o n  i n  t h e  e l e v a t o r  system was aDproxirnately 
2 1 I  pound measured a t  t h e  s t i c k  w i t h  t h e  c o n t r o l  near? 
n e u t r a l .  
2 
4 
IlZSTRUNr ENTATION 
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Standard Y A C A  photographica l ly  r eco rd ing  ins t ruments  
were used t o  measure the  vsr ious  q , J a n t i t i c s  neces'shry t o  
detei>rnine tkAe f l y i n g  q u a l i t i e s  of' t h e  s u b j e c t  a i r p l a n e .  
The records  were synehrQnlzed b y  mesns o f  a t imer .  The 
instruments  used m d  the  r;usntit:es measured follow. 
iduantity measured -- Recording instrument  -_I- -. 
Airspeed r eco rde r  
Three - component 
accelerometer  
Roll t u r n  meter 
P i t c h  t u r n  meter  
Yaw t u r n  meter 
Incl inometer  
Yaw-angle r eco rde r  
S t i ck - fo rce  r eco rde r  
Pedal-force r ec3x le r  
Control-posi  ts.on r e c J r d e r  
Timer 
Inrj3. ca ted  a i r s p e e d  
I%;orriial ,  l ong i  tut i inal ,  
and t r a n s v e r s e  
a c c e l e r a t i o n  
i3131ling v t l o c i t y  
P i t  ckling ve l o  c i t y  
Yawing v e l o c i t y  
iin,glc of bank 
S i d e s l i p  angle  
I;i.leraon anc! e l e v a t o r  
s t i c k  f o r c e  
EiudC'er peda l  f o r c e  
;ii liron, e l e v a t o r ,  
rudder iilnd landing 
?"lap Po s i t  ion  
( m a s u r e d  a t  t he  
s u r f a c e  ) 
T i n  e 
The yu-~i vane used with the  yaw-~ng le  r eco rde r  was 
mounted one chord l e n g t h  ahead o f  the r i g h t  winG t i p .  
Ind lca ted  a i r s w e d  was mehsured a i t h  a swive l ing  s t a t i c  
head and a sh i e l6ed  t o t a l  head rrounted one chord l e n g t h  
ahead of the l e f t  wing t ip:  The s i r s p e d  used throughout 
this r e p o r t ,  c a l l e d  s e r v i c e  i n d i c s t e d  s i r s p e e d ,  is t h e  
reading of a s tandard  Amy-Navy a i r s p e e d  meter  connected 
t o  a p i t o t  s t a t i c  head t h a t  i s  f r e e  f rom p o s i t i o n  error 
and i s  def ined by the  formula: 
where 
vi s s e r v i c e  i n d i c a t e d  a i r s p e e d ,  miles per  hour 
5 
f0 s tandard  sea - l eve l  cornpres s i b i  li ty c o r r e c t i o n  
~ f a c t o r  
measured d i f f e r e n c e  between total and s t a t i c  
nressur  e s  wi th  the s t a t i c  grtssure c a r r e c t e d  
f o r  posit l ;>:i  e r s o r ,  inches ~ f '  water 
q C  
The n o s i t i o n  e r r o r  o.? t h e .  s t a t i c  head was determined 
bf; low speeds  by f 1yLnG in for:;i:ilion with bn a i r p l a n e  
which had the a i r sp3e2  mettourin; system ca l ib ra t ed .  w i th  a 
t r a i l i n g  bomb. The p o s i t i o n  eri'or a t  h i g h  speeds was 
d e t e m i n e d  i n  a fly-Sy cal ibrat ;on as desc r ibed  i n  
r e f e r e n c e  1. 
TESTY 
The a i r c l a n e  was f l o m  a t  cen ter -of  -8 r t iv i  t y  pos!.t;ions 
ranglng from 24.11 t o  ?1.L nercent icean a3rodynanic chord, 
wheels up, and 21.3 t o  23.75 Dercent mean aerodynanic 
chord, wheels down. The g r .09~  ce ig i i t  a t  take-Tlt'f ranged 
from 10,600 t o  1.1,530 p w n d s .  
The f l i g h t  cond i t i ans  used i n  the  t e s t s  a r e  def ined  
be law. 
- ---_.--.. 
I ! 
! 
1 
[Cond i t ion  j Pla?s 
4 
f 1 .   I Gliding I1 UF 
I 
I 
1 Climbjng I TJp 
!Landing 1 Down 
I 'Czve-of 3.' 1 Down 
I Down Approach 
! 
Ylosed 
Closed  
Open 
Ppe n 
Open. 
.-i - 
I , 391 and 
1 shut te rs  
I 
'obi1. i n t e r c o o l e r  
-- ----- ;--- 
Clost?C! Closed , 
I 
Closed i Slosed 
Closed ! S l o s e d  
Cllosed / .Closed 
gpen I Open 
! 
I 
i 
I 
l--. .__---I--- 
. .  
/Manif o l d  
FPM nressure p.I Hz) 
~ ~ - .  
I 
Engiiie i d  l i n g  
'2550: *'43 
I 
Engine i d  l i n g  
I 
I 
255c I 23 
2454 !$ 
__I.--- 
. .  . .  
. ,  
/ '  
. .  
. .  . .  . .  
6 
Appro a ch 
fiave-off 
RESULTS AND D I S C U S S I O N  
21.8, 2 6 . 5 ,  an(? 23,75 
21.8, 26.5,  and 28.75 
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The r e s u l t s  a r e  presented  and analyzed i n  t h e  order  
given i n  r e f e r e n c e  2 w i t h  mention made of the  s p e c i f i c  
requirements o f  r e f e rence  3 .  
I. Longi tud ina  1 S t a b i l i t y  and Cont r o  1 
I - A .  C h a r a c t e r i s t i c s  of uncont ro l led  l o n g i t u d i n a l  
m3tion 
The c h a r a c t e r i s t i c s  of‘ t h e  u n c m t r o l l e d  longi -  
t u d i n a l  motion were l n v e s t i g a t e d  a t  v k r i m s  speeds i n  t h e  
climbing and g l i d i n g  condi t ions  w i t h  the  cen te r  o f  g r a v i t y  
a t  31.2 percent  mean aerodynamic chord. I n  t h e s e  t e s t s  
the p i l o t  trimmed t h e  a i r p l a n e  a t  a given speed and 
ab rup t ly  de f l ec t ed  and r e l e a s e d  the  s l e v a t o r  c o n t r o l .  
I n  t h e  p re sen t  case hll s h o r t - p e r i o d  o s c i l l a t i o n s  damped 
completely wi th in  3ne cyc le .  Tyoical  t ine  h i s t o r i e s  of  
t h i s  rnaneuver ar’e given i.11 f i g u r e  d f o r  the g l i d i n g  
condi t ion aEd figure 9 f o r  the climb?ng conc?itior,. 
I - B ,  C h a r a c t e r i s t i c s  of e l c v a t o r  c o n t r o l  i n  s t cady  
f l i g h t  
The c h a r a c t e r i s t i c s  of e l e v a t o r  c o n t r o l  i n  
steady f l i g h t  were 9btai.ned b y  iceasuring the  e l e v a t o r  
angle and f o r c e  r equ i r ed  t o  trim a t  var ious  speeds through 
t h e  speed range a t  t h r e e  cen te r -o f -g rav i ty  p o s i t i o n s  i n  
each o f  the  var ious  f l i s h t  c9n2 i t ions .  The t a b l e  below 
l i s t s  t h e  f l i g h t  cond i t ions ,  cen te r -o f -g rav i ty  p o s i t i o n s ,  
and f i g u r e s  i n  which the  e x ~ e r i ~ e n t a l -  d a t a  a r e  p re sen ted .  
1 Figure no. 
I i 1 Cente r -o f -g rav i ty  p o s i t i o n  /Condition i !- 1 ( Der cen t M . A a C . ) 
At a l a t e r  d a t e ,  t e s t s  were made t o  determine 
the  blow-ur, c h a r a c t e r i s t i c s  of t h e  landing  flaiDS, wi th  
speed. A 3  mentianed heretof’ore ,  t he  landing  f l a p s  were 
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swing- loaded  s o  t h a t  t he  d e f l e c t i o n  v a r i e d  wi th  speed. 
. This system i s  probably used on t h e  r ' 6 ~ - 3  t o  avoid 
, i n a d v e r t e n t  excess ive  loading  of' t h e  f l a p s  as  speed i s  
inc reased  wi th  the  f l a p s  dr>wn. The blow-up cha rac t e r -  
i . s t i c s  we1.e obta ined  i n  t e s t s  s.?,milar t o  thGse &sc r ibed  
above and the  r e s u l t s  a r e  shown I n  f i g u r e s  32 a d  13 as 
t h e  v a r i a t i o n  o f  t h e  d e f l e c t i o n  o f  the f o u r  f l a p  segments 
w i th  s e r v i c e  ind ica t ed  aipspeed. Figure 12 g ives  d a t a  
obta ined  i n  t h e  I.s;nding: condi t ion  and d a t a  f o r  t h e  wave- 
o f f  cond i t ion  a r e  shown in f i g u r e  13. 
The d a t a  presented i n  f ' i g w e s  10 and 11 were 
evalua ted  t o  determine the s t i c k - f i x e d  and s t i c k - f r e e  
n e u t r a l  p o i n t s  i n  the  viirious f l i g h t  conf igu ra t ions  by 
the  fo l lowing  methoAs.  P l n t e  wi4e  made of t h e  v a r i a t i o n  
o f  e l e v a t o r  angle ,and of u l eva~or .  s t i c k  f o r c e  div ided  by  
impact p re s su re  (F/qc) w l t h  Cy,. Lif t  c o e f f i c i e n t  aa 
used h e r e i n  i s  defined. t h e  uxpr e s s i  on  CL = and 
is a c t u a l l y  normal-force c o e f f i c i e n t .  The d i f f e r e n c e  
between normal-force c o e f f i c i e n t  hild l i f t  c o e f f i c i e n t ,  
however, i s  s m a l l .  A tyn ic i i l  p l o t  i s  shown i n  f i g u r e  11 
which a p p l i e s  ts the  g l i d i n g  conCitign. The s lopes  of 
t h e s e  curves w e r e  t aken  a t  r e p r e s e n t a t i v e  v a l u e s  o f  l i f t  
c o e f f i c i e n t  and were p l o t t e d  as a f u n c t i o n  o f  oenter -of -  
g r a v i t y  t w s i t i a n ,  a s  shown i n  f i g u r e  15 f o r  the g l i d i n g  
c o n d i t i o n ,  The s t i c k - f i x e d  and s t i c k - f r e e  n e u t r a l  p o i n t s  
lowed f o r  t h e  o t h e r  f l i g h t  condi t ions .  The values of  n e u t r a l  
p o i n t s  thus  obta ined  w e  p l o t t e d  as i3. f u n c t i o n  of  a i r p l a n e  
l i f t  c o e f f i c i e n t  i n  f i g u r e  16  f o r  the  climbing and 
g l i d i n g  condi t ions  and i n  f i g u r e  17 f o r  the  landing, 
hpproach, and wave-off condi t ions e 
The following f ac t s  regarding the s t a t i c  l o n g i -  
tudinal s t a b i l i t y  of t h e  S6F-3 a i r p l a n e  are  shown b y  
f i g u r e s  10 t o  17. 
( a )  The s t i c k - f i x e d  neutral po in t  i n  the g l i d i n g  
cond i t ion  va r i ed  f r 3 m  36 percent  mean aerodynamic 
chord a t  a l i f t  c o e f f i c i e n t  of  0 .2  t o  59 percent  
mean aerodynamic chord a t  a l i f t  c o e f f i c i e n t  of  1 .0 .  
Appl ica t ion  lrtf r a t e d  Dower (c l imbing  c o n d i t i o n )  had 
a d e s t a b i l i z i n g  e f f e c t  above a l i f t  u o e f f i c i e n t  
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o f  0.4 which  inc reased  wi th  Inc reases  i n  E f t  c3ef-  
f i c i e n t .  iit l if t  c o e r f i c t e n t s  be1o;v 0.4, a p p l i c a t i o n  
o f  power hhd a small  bu t  s t a b i l i ~ i n g  e f f e c t  o n  t h e  
a i r p l a n e .  
cond i t ion  var led  from 35 Dercent mean aerodynamic 
chord a t  a l i f t  c o e f f i c i e n t  \~f' 0 . 8  t o  37 percent  
mean aerodynmnic chor.2 a t  8 l i f t  coeff ' icieri t  2f l . 4 .  
Ap:Jlication 3f power w i th  f'la?s d3wn, as with f l a p s  
up a t  t he  h igher  values  31' l i f t  c o e f f i c i e n t ,  had an 
apprec iab le  d e s t a b l l t z i n t g  effec' l ;  e The wave-off 
cond i t ion  was t h e  l e a s t  s t u b l e  cond i t ion  t e s t e d .  
( b )  The s t i c k - f i x e d  n e u t r a l  p o i n t  i n  t h e  landing 
( c )  Requirement 3-6 i.if r e f e r e n c e  5 s p t c i f i e s  
t h a t  %he stick-f'j .xed s t a S i l i t y  should be such t h a t ,  
in the  g l . i d i q  and landi:?g c o n d i t i 3 n s J  the  movement 
of the t o p  of the c o n t r o l  s t i c k  'shdll not  he l e s s  
than li. inches  j n  t r imming from the  m k x i r n m  l e v e l -  
f l i g h t  speed t o  stalling speed.  Tile p re sen t  da t a  
show th.aL t2h.e F6F-3 airBl-ane w L l . 1  meet t1ij.s re - ju l re -  
rnent when the  cen te r  of ' .g ravTty  i s  locat.eci formard 
o f  31 percent  idea2 Lerodynmic chord  i.n the g l i d i n g  
cond i t ion  and. forwai -d  of 26 percent  mean ae rodynmic  
chord i n  the  l a r d i n g  cDi1ditLon. The values  o f  
maximum ,zneed u.sed were 2'75 rniles D c r  hour and 
150 miles  per  hour ' f o r  . the glidi .ng and landing  
c o n d i t i a n ,  r e s p e c t i v e l y .  Reqliirement E-6 ( r e f e r -  
ence 3 )  also s p e c i f i e s  t h a t  t h e r e  shliill no t  be less 
than I.-Inch s t i c k  motion i u  going from. the speed 
f o r  minimm power t o  the s t a l l  i n  e i t h , e r  t h e . l a n d i n g  
o r  g l i d i n g  c s n d i t i o n .  This l a t t e r  requirement w i l l  
be met by t h e  ~ ' 6 ~ - 3  w i t h i n  the  csntGr-of-grlavity 
range t e s t e d .  
( d )  The s t a b i l i t y  wi th  s t f c k  f r e e  w ? i s  l e s s  
than  w i t h  s t i c k  f i x e d .  K i e  d i f f e r e n c e  between s t i c k -  
f i x e d  and. s t i c k - f r e e  n e u t r a l  m i n t s  increased  v v i  t h  
incr.ease i n  l i f t  c Q e f f i c i e n t .  
( e )  The e l e v a t o r  c g n t r o l  w & s  such t h a t  i t  was 
p o s s i b l e  t o  n a i n t a i n  s teady  f l i g h t  a t  the  m i n i m u m  
and maximum specds required of the  a i r p l a n e .  
( f )  The blow-up of tile f l a p s  d i d  m t  cause any 
adverse e f f e c t s  on t h e  l o n g i t u d i n a l  c o n t r o l  o f  t he  
a i r p l a n e  and was ngt  tipparunt t o  t h e  p i l o t .  
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I-C. C h a r a c t e r i s t i c s  of the e l e v a t o r  c o n t r o l  i n  
ac celei-ate4 f l i g h t  
TT-e c h a r a c t e r i s t - l c s  of t h e  el .evatcr c o n t r 3 l  i n  
a c c e l e r a t e d  f l i g h t  ftere obtained by measuTiEg e k v a t o r  
a i r speed  in t u r n s  during vh ich  the  p i l o t  h e l d  a consttint 
value of a c c e l e r a t i o n ,  allowing t h e  a i r speed  t o  decrease  
u n t i l  t h a  airp1ar.e s c a l l e d .  R i g h t  and l e f t  tu??ns were 
made a t  a p p r ~ x i m z t e l y  1 g ,  2g, 3g, and 4 g i nc renen t s .  
Typica l  time h i s t o r i e s  or" t hese  t u r n s  are shown i n  
f ig iwes  18 and 19. KS;asiiremeni;s w e ~ e  made a t  t h r e e  
cen te r -o f -g rav i ty  Tos i t i ons  ( 2 ~ j . e ~ ~ ,  28.5, and 31.2 percent  
mean aerodynaLnic choid)  a t  c303 f s e t  p e s s u r e  a l t iFude  
and i n  a d d i t i o n ,  w i t i i  t n e  c e n t a r  of  p a v i t y  a t  24.4 percent  
mean aeroCynainic chord, mebsurericnts % € r e  made h t  3 Q O O ,  
l5,OCO, and 20,003 f e e t  p r t s s d r c  a l t f t u .de .  I n  e v a l u a t i n g  
t h e  d a t a  ob ta tnec  i n  these  turns, measurenents f r o m  r i g h t  
and l e f t  t x r n s  were p l o t t e d  ap setmL?titely. F i j u r e  LO 
g ives  t h e  change i n  clevatoor s t i ck  ,"oxace as a l 'unct ion 
o f  chanse in inmtd k c c e l e r h t t o n  Z t ~ r  t he  t k e e  center-of  - 
grsv l  t y  Dos i t i3ns  t a s t e d  a t  c3ns ta2 t  p re s su re  h l t l t u d e  
(8000  f e e t ) .  K o s t  >f' tk,G d a t a  cover t h e  speed range f ron 
170 io 250 miles D e ?  hour ar,d i.l;crt=me;ntaI acce lera t inz is  ' 
up t o  3 Q . A s  rxenti9nc-i ~ b o v e ,  sonic t u r n s  were made t o  
h igher  acccle:>ati?ns a t  l i '_ghzr  speet?s, bu t  t h e s e  t u r n s  
were r a tne r  rei@ a:id y i e l e e d  o n l y  a few test Toints  a s  
can be seen i n  f ig l i re  20. The v a r i a t i o n  of' e l e v a t o r  
angJ-e w i t h .  a i rpl6r-e  l i f t  coeffi .cjent a t  vkrious values of 
n3m-al a c c e l e r a t i o n  i s  s,iown.ln f i g i r e  21 f o r  the t h r e e  
center-of  - g r a v i t y  p o s i t i o n s  t e 3 t e d .  
p r e s e n t  the d a t a  ob ta ined  jn tu rns  i1laC.e d t  s e v e r a l  
a l t i t u d e s  with "Le cen te r  of 3i .svity a t  2 f ~ ~ L ,  pe rcen t  mean 
aemdynamic chord, E'rm t h e s e  (lata t h e  s t a b i l i t y  
c r i t e r i J n s ,  s t i c k  f o r c e  uer u n i t  z c c e l e r a t i o q  and change 
i n  e l e v a t o r  andle  wi th  lift coe f f i c9en t  were determined. 
Values of dFe/Zan r7~ere deter;.lined for 8 3 g  increment 
i n  normal a c c e l e r a t i o n  sr 8 48 t u r n .  The sane  r a n p  of 
a c c e l e r v t i o n  increment was used i n  o5 ta in lng  
I n  determining d. t je /c?C~,  valu6s o f  l l f  b Coef'fiCfent 
equ iva len t  ts  200 m i l e s  y e r  hmr were determined a t  each 
value o f  a c c e l e r a t i o n  and g o i n t s  thus ob ta ined  were 
Connected with a s t r a l d h t  l i n e ,  These l i n e s  of cons tan t  
speed a r e  ind ica t ed  i n  f i g u r e s  21 an? 2 3 .  The s l o p e s  
of t h e s e  lines were t u k e n . a s  the va lues  of  c?be/dCL., The 
. angle ,  e l e v a t q r  s t ic?;  fDrce,  nom-a1 a c c e l e r a t i o n ,  and 
Figures  22 and 23 
i?Ge/dCL. 
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v a l u e s  o f  t hese  s t a b i l i t y  c r i t e r i o n s ,  dFe/dan and 
dGe/dCL, 
pos-ftion i n  f i g u r e  ,214 i n  o rde r  t o  determine the  s t i c k -  
fixed and s t i cK- f ree  rmneuver p o i n t ,  The e f f e c t s  of 
a l t i t u d e  a r e  snown i n  f i g u r e  25 where the  s t a b i l i t y  
c r i t e r i o d s  a r e  , ? lo t t ed  a s  a f u n c t i o n  o f  p re s su re  a l t i t u d e .  
From t h e  curves z ~ f  f i g u r e s  24 an6 25 ,  f i g u r e  26 was 
prepared which g i v e s  the  v a r i a t l o n . w i t h  a l t i t u d e  of t h e  
range o f  cen te r -o f -g rav i ty  p o s i t i o n s  which g ive  s a t i s -  
fact0r.y values  of s t i c k  Is3r’cs pe r  g 3 t o  9 pounds per  Q 
( r e fe rences  2 arid 3 ) .  Data a r e  shown on t h i s  f i g u r e  f o r  
right and l e f t  t u r n s ,  and t h e  double cross-hatched a r e a  
g i v e s  t he  ranges o v e r  which the c o n t r o l  f o r c e s  will be 
s a t f s f s c t o r g  i 2  koth l e f t  anll r i g h t  t u r n s .  From t h e  
da t a  presented  ir: f i g c r e s  13 t o  26, t he  fo l lowing  conclu- 
s ions can be made r ega rd ing  the e l e v a t o r  c o n t r o l  o f  t h e  
~ 6 ~ - 3  a i r n l a n e  i n  a c c e l e r a t e d  f l i g h t  
were p l o t t e d  2 s  f u r x t i o n s  q f  cen te r -o f -g rav i ty  
( a )  By use  o f  t h e  e l e v a t o r  c o n t r o l  a lone ,  i t  
was p o s s i b l e  t o  ckvelop t h e  maxfmm-i l i f t  c o e f f i c i e n t  
of t h e  a i r p l a n e  i n  maneuuer.s. Xo a t t e i tp t  w i ~ s  made 
t o  develop the  al3.owable l o a u  f a c t o r .  
( b )  The var ia t i -on  027 e l e v a t o r  angle  w i t h  l i f t  
c o e f f i c i e n t  was a snooth curve having a s t a b l e  
s l o p e  f o r  all cen te r -o f -g rav i ty  p o s i t i o n s  and 
a l t i t u d e s  t e s t e d .  
( c )  The va lues  of dGe/dCL and dF1e/dan were 
h igher  i n  r i g h t  t u r n s  t h a  l e f t  t u r n s .  The s t i c k -  
f r e e  and s t i c k - f i x e d  maneuver p o i n t ,  however., seemed 
t o  be approximately t h e  sane  i n  r i g h t  t u r n s  and l e f t  
t u r n s .  The d i f f e r e n c e  between 1t;ft and r i g h t  t u r n s  
would be expected. t o  be caused by the  gyroscopic  
’monent of t h e  p r o p e l l e r .  The e f f e c t  o f  t h e  gyroscopic  
moment of the  p r o p e l l e r ,  however. should be inde-  
pendent o f  t h e  center -of  -gr.avi t y  p o s i t i o n .  
( d )  The ~ 6 p - 3  will s a t i s f y  t h e  requirement of  
r e f e r e n c e  2 tha t  the  s lope  of t he  e l eva to r -ang le  
curve should be such tha t  no t  less than 4 inches  of 
rearward s t i c k  movement i s  r e q u i r e d  t o  chanee the  
angle  of a t t a c k  froin C L  of 0 .2  t o  Chlax i n  
a c c e l e r a t e d  f l i g h t  when t h e  c e n t e r  of & r a v l t y  i s  
ahead o f  28.1 pe-x?cent mean aerodynamic chord a t  
5000 feet;  or Eihead of 24.6 pe rcen t  mean aerodynamic 
chord a t  20,000 f e e t .  
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( e )  The F6F-f a i r p l a n e  w i l l  have the  d e s i r e d  
s t i c k  f o r c e  pe r  Q ( 3  t o  8 pounda pe r  Q requirement D-4,  
r e f e r e n c e  3 )  i n  r i g h t  and l e f t  t u r n s  a t  3000 f ~ c t  
p r e s s u r e  a l t i t u d e  when the  c e n t e r  o f  gravi.ty i s  
betwaen 29.9 and 73.2 perccnt  mean ae rodynmic  chord. 
The d e s i r a b l e  center -of -gravi ty  rango h t  20,000 f e e t  
a l t i t u d e  l i e s  between 26.6 and 30.5 percent  xean 
aerodynamic chord ( s c e  f i g n  2 6 ) .  
From t h e  d a t a  ?resenzed above, i t  was p o s s i b l e  
t o  de t e rn ine  tile e l e v a t o r  hir-ge -nl omerit coef f i c i  erit s , 
Cha and Ch6, of the  ~ 6 ~ - j  b i r p l a n e .  The values  
were -0.9011 and - 9 . 0 ~ 3 6 ,  respectively. 
va lues  a r e  based on fz ec-stream Gynamic p res su re .  
These e l e v a t o r  hinge-rimlent coei'f i c i e n t s  compare 
f a v x a b l y  with those of the well-balanced e l e v a t o r s  
t ha t  have been t e s t e d  o n  s ther  airplanes, I t  i s  
i n t e r e s t i n g  t o  no te  chat,dven though t h e  v d r i a t i o n  
o f  s t i c k  f o r c e  pcr ; with center -of -grLvi ty  p o s i t i o n  
i n  s t eady  turns L J ~ S  rather low ( a ~ p r ~ x i : ? i s 2 e l y  1 pound 
p e r g  pe r  p e r c e n t ) ,  t h e  s t i c k - f o r c e  c h b r a c t e r i s t i c s  
i n ab rup t r a  neuve r s JRI e r e cm,p 1 e t i; 1 y s a t i s f a c t o r  y 
( s e e  f i g s .  3 and 9 ) .  
These 
I - D .  C h a r a c t e r i s t i c s  o f  t h e  o l e v a t o r  c o n t r o l  i n  
landing  
The c h a r a c t e r i s t i c s  o f  thc: 61eva t J r  c m t r o l  i n  
landing  we're d e t e m i n e d  by measuring t h e  e l e v a t o r  def l e c -  
t i g n  requj-red t o  pmduce th ree -po in t  con tac t  i n  landings  
made a t  t h r e e  center-of-Gravi ty  pos i t iGns  w i t h  t he  engine 
id l tne ,  and f l a p s  f u l l  doxn. The resu3.ts of t hese  t es t s  
a re  g iven  i n  f i g u r e  27 where the e l e v a t o r  d e f l e c t i o n s  
r e q u i r e d  t o  l and  a r e  p l o t t e d  as a f u n c t i o n  of  cen ter -of -  
g r a v i t y  p o s i t i o n s .  Figure 28 gives  a t h e  h i s t o r y  o f  a 
ty-pical three-lsoint lbndlne;. 2ie riic?der peda l  i 'orces 
sh3wn i n  this f i g u r a ,  as  w e l l  a s  i n  thc  time h i s t o r y  of 
a take-off presented  below, a r e  a c t u a l l y  the  f o r c e s  used 
t o  o b t a i n  t h e  rud6er  d e f l e c t i o n s  shown a s  the  p i l o t  d i d  
no t  use  t h e  brake d u r i n s  the  take-off o r  landing runs .  
F m m  the d a t a  obtained i n  the landing t e s t s ,  t h e  fo l lowing  
Can be concluded: 
( a )  The e l e v a t o r  o f  the . ~ 6 ~ - 3  a i r p l a n e  w a s  
s u f f i c i e n t l y  powerful t o  per form a t h ree -po in t  
l and ing  a t  the  r o s t  forward cen te r -o f -g rdv i ty  p o s i -  
t i o n  t e s t e d .  This cen te r -o f -g rav i ty  p o s i t i o n  
12 MR No. L5B13 
(21.8 percent  mean aerodynamic chord ) ,  however, i s  
approximately t h e  forward l i m i t  I n  g e t t i n g  t h e  t a i l  
down f o r  t h ree -po in t  con tac t s .  
i n  landing  d i d  not  exceed the  all-owablr: f o r c e  of' 
35 ?oun2s ( r e f e r e n c e  3 )  a t  t h e  cen te r -o f -g rav i ty  
p o s i t i o n s  t e s t e d .  
easy  t o  ldnd.  The r a t e  Df uescent  and g l ide -pg th  
angle  i n  power-off ayproaches were r easonab le .  
V i s i b i l i t y  was such du r in3  t h e  approach tha t  t h e  
p i l o t s  had no d i f f i c u l t y  i n  l i n i n g  up on t h e  runway. 
Once on t h e  ground, the  kirplai ie  was e a s i l y  c o n t r o l -  
l a b l e .  
(b) Tne e l e v a t o r  f o r c e s  o f  t he  ~ 6 ~ - 3  a i r p l a n e  
The l3i lots  considered t h e  ?6F-3 ai . rplane very 
. I - E .  C h a r a c t e r i s t i c s  of t h e  e l e v a t o r  c o n t r o l  i n  
take-off  
iu'o q u m t i t h t i v e  measuremeatv were made o f  t h e  
e l e v a t o r  c o n t r 3 l  i n  tr ;ke-off.  The p i l o t s  i%ported,  
however, tha t  t h e  e l e m t o r  Dower a t  even the  rearmost 
center  o f  gr t ivi ty  t e s t e d  w a s  s?xch tha t  t he  t a i l  could be 
r a l s e d  almost a s  soon as t h e  a i r p l a n e  s t a r t e d  r o l l i n g ,  
A t i m e  h i s t o r y  o f  a t y p i c a l  t a i l - h i g h  take-of f  i s  shDwn 
i n  fi-gure 29.  A S  mentioned b e f o r e ,  t h e  p i l o t  d i d  not  
use the  brakes,  bu t  w s s  a b l e  t p  keep t h e  a i r p l a n e  s t r a i g h t  
using the  rudder al2ne..  
I -F.  T r i m  changes due t o  pov~er  and f lc lps  
The t r i m  changes cause6 by chanzes i n  f l i g h t  
conf igura t ion  were :neasured a t  3. speed 3f approximately 
1-07 m i l e s  p e r  hour w i th  t h e  c e n t e r  of g r a v i t y  a t  
24.4 percent  mean aerorj.ynarriic chord wheels up or 
21.9 percent  mean aerodynamic chard wheels town. For 
these  t e s t s  t h e  p i l o t  used a given t r i m - t a b  s e t t i n g  as 
the f l i g h t  conf igu ra t ion   vas cinaiiged m a  mehsurernents 
were n;de o f  t he  c o n t r o l  f o r c e s  r equ i r ed  t o  ma in ta in  
constant  soeed.  T h e  r e s u l t s  of t h e s e  t e s t s  are given  i n  
t a b l e  I .  The P ~ l l  t a i l - h e a v y  ti>!m-tab s e t t i n g  given in 
t h i s  t a b l e '  corresponds t o  trim f o r  l anding .  A s  can be 
seen by i n s p e c t i o n  of t h e  t a b l e ,  all changes i n  t r i m  
forces  were wi thfn  t h e  s n e c i f i e d  l i i n i t  of 35 pounds a s  
s t a t e d  i n  r e f e r e n c e s  2 and 3 .  
I - G .  C k a r a c t e r i s t i c s  o f  the l q n g i t u d i r ~ a l  trimming 
device 
The 2ower o f  t he  e l eva to r  t r i m  tabs was measured 
a t  var ious  speeds i n  the q i i d i n g  and climbing cond i t ion ,  
I n  t h e s e  t e s t s ,  t he  e l e v a t o r  force  required to t i 5 m  a t  
var ious  speeds  was measured w i t h  two t r i rn- tab s e t t i n g s .  
The d a t a  obta insd  are preserited i n  f i g u r e  3 0 .  These da t a  
were used t o  determine t h o  chaage i n  e l e v a t o r  s t i c k  f o r c e  
per  degree t r im- tab  d e f l e c t i o n .  This  f a c t o r  i s  p l o t t e d  
as a f u n c t i o n  of spzed  i n  f i g u r c  51. The change i n  
e l e v a t o r  lilnge-moment co t t f f i  c i en t  p e r  degree trim t a b  i s  
shown as a f u n c t i o n  of' i n d i c a t e d  slirupsed i n  f i g u r e  32 .  
From t h e  !?tit& 5bt; r imd,  the fo l lowing  conclu- 
( a )  The e l e v a t o r  t r i m  t a b  was adequate t o  reduce 
s i o n s  nay  be drawn. 
t h e  e l e v a t o r  fo rce  t? zerc, t h rmghou t  the  speed 
range i n  the  climbing m d  g?Lidfnc coni;it,ion. 
(b) The e l e v a t 3 r  s t i c k  f o r c e s  c m l o  n o t  be 
t r i rmed  t3 zer3 i n  $he landir,g comi i t ion  Selow 
120 m l l e s  n e r  hour a t  t he  n o s t  for+!ard cen te r  of 
gravity used i n  the t e s t s  (Fee f i g .  12(a)). 
( c )  Tne p r o p e l l e r  s l i p s t r e m i  Piad cons iderable  
e f f e c t  on the  e f f ec t fveness  o f  t h e  trin: t ab  as can 
be seen by comparing the  change i r i  hinge-monient 
c o e f f i c i e n t s  f o r  t he  gliding and c l i rnb icg  cond i t ion  
shown i n  f f g u r e  32. 
C3NCLUSIQNS 
In gene ra l ,  the  piloC,s were f a v o r a b l y  inp res sed  w i t h  
t h e  1ongi tGdinal  s t a b i l i t y  and c o n t r o l  of  the F6F-3 air- 
plane .  They c9nsiderel, i t  an easy a; .rplane t o  f l y .  The 
c o n t r o l  f o r c e s  i n  ab rup t  and s t eady  maneuvers were 
s a t i s f a c t o r y ,  A l so ,  t he  a i r p l a n e  was very  ~ a s y  t o  land., 
The r e s u l t s  o f  the  t e s t s  descr ibed h e r e i n  showed t h e  
f o l l o v v i n g  d e t a i l s .  concerning the l o n g i t u d i n a l  s t a b i l i t y  
and c o n t r o l  o f  t he  F6F'-3 a i r iplane.  
i The shor t -pe r iod  l o n g i t u d i n a l  o s c f l l a t i ~ n s  of  
t h e  F6F-3 a i r g l a n e  were coiaplottly danped wi th in  one 
c y c l e .  
1.k MR No. L5B13 
2 .  The n e u t r a l  no in t  ( s t ic l .  f i x e d )  i n  t h e  g l i d i n g  
condi t ion  var ied from 36 percent  mean ae rodynmlc  chord 
a t  a l i f t  c o e f f i c i e n t  of 0 . 2  t o  39 pe rcen t  mean ae ro -  
dynanic 'chord a t  a l i f t  c o e f f i c i e n t  o f  1 .0 .  
of r a t e d  m a e r  (cli inbing cond i t ion )  hac a d e s t a b i l i z i n g  
e f f e c t  above a l i f t  c o e f f i c i e n t  of' 0.4. which inc reased  
w i t h  i n c r e a s e  i n  lift c o e f f i c i e n t .  In t h i s  conditiorl  
the n e u t r a l  po in t  was 1Jcate.d a t  31.5 percen t  mean aero-  
dynanic chord  a t  a CI, ~ i '  1.0.  A t  l i f t  c o e f f i c i e n t s  
below Oej+ ,  a p p l i c a t i o n  o f  power appeared to have a small 
s t a b i l i z i n g  e f f e c t .  
The s t ick- i ' ixed  neutiaal pJ,irit i n  t h e  iandirig cond i t ion  
var ied  Prom 35 ps rcan t  mean aerouynmiic chord at a CL 
of 0 . 8  t a  37 pe rcsn t  mean herodynamic ch3rd a t  a CL 
of 1.4. The eff 'ccts c\f pJner and f l a p s  cgmbincd t o  
make t h e  wave-off the  l e a s t  s t a b l c  ctjrictition t e s t e d .  
ApDlication 
3 .  The use o f  f l a p s  :?.ad a Z e s t h b i l i z i n g  e f f e c t .  
4. The s t a b i l i t y  w i t h  s t i c k  f r e e  vias l e s s  than 
s t i c k  f i x e d .  The d i f f e r e n c e  bttv,een s t i c k - f r e e  and 
s t i ck - f ixed  s t s b i l i t y  i n s r e z s e d  with i n c r e a s e  I n  l i f t  
c o e f f i c i e n t  e 
, 
5.  The s t l c k  fo i .ce  p e r  g i n  m~nct ivers  vias s a t i s -  
f a c t o r y  ( 3  t o  8 nounr2s pe r  g )  a t  3030 f e e t  a l t i t u d e  for 
a center-of-grav! t y  rianga between 29.9 and 35 .2  percent  
mean aerodynamic ch3rdi. 
rango a t  20,003 f e e t  a l t i t u d e  l i e s  between 26.6 ;1116! 
30.5 percen t  mean aeroc?gnamic chor d .  
o f f  a t  t h e  most rearrdjard c e n t e r  o f  g r a v i t y  t e s t e d .  ' 
Tht. 2d:sPrable center-Df - g r a v i t y  
6 .  The e l e v a t o r  provided adequate c o n t m l  ir, t ake -  
7 .  The e l e v a t o r  power i n  Itindin,; was s u f f i c i e n t  t o  
e f f e c t  thr 'ee-paint con tac t  n i t h  the c e n t e r  of g r a v i t y  
a f t  of 21.5 percent  mean aerodynamic chord. 
f l aps  r e r e  witi i in t h e  s p e c i f i e d  lii7:its, 
ts2 t r i m  t h e  s i r 3 l a n e  as d e s i r e d  throughout t he  speed 
8. The IniiGitudinal t r 2 i m  changes due t o  power a d  
'13e e l e v a t o r  t r i m  t a b  vvas s u f f i c i e n t l y  powerful 9. 
range i n  a l l  f l i g h t  conditions except  .blow 120 miles 
pe r  hour i n  the landing c o n C i t i m .  
Langley Irllernori.al Aeronautical Laboratory 
Ntitlonal Advisory Committee for Aeronautics 
Langley Field, Va., Februar;y 13, L945 
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Figure .a. - Typic91 time h i s t o r i e s  of uncontrolled long i tud ina l  
motions fo l lowing an abrupt e levator  d e f l e c t i o n  
in  the g l i d i n g  condition, center  of g r s v i t y  31.2 
percent Y . A . C .  
MR NO .  L5B13 
Figure  9 .  - Typica l  t ime  h i s t o r i e s  of u n c o n t r o l l e d  l o n g i t u d i n a l  
motions f c l l o r i  an a b r u p t  e l e v a t o r  d e f l e c t i o n  In 
the c l i m h i n ~  c o ~ i t i o n ,  c e n t e r  of g r a v i t y  31.2 
MR No. L5B13 
Figure 10. - V a r i a t i o n  of elevator anp le  ana e l e v a t c r  f o r c e  wit:. 
serv ice  indicnted airspecd in t h e  g l i d i n g  and 
c l i m b i n g  c o n ? i t i n n ,  F6F-J airplane. 
~~ ~~ ~ 
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r:gure 11. - V a r i a t i o n  of e l e v a t o r  a n g l e  and e l e v a t o r  s t i c k  f o r c e  
wi th  s e r v i c e  i n d i c a t e d  a i rs  eed in t h e  l a n d i n g ,  
approach and wave-off condi!ion, FbF-'3 a i r p l a n e .  
~ 
~ ~~ ~ 
M R  N O .  L5B13 
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Figure 14. - V a r i a t i o n  sf e l eva to r  angle  and Fe/qc w i t h  airplane 
l i f t  c o e f f i c i e n t ,  g l i d i n g  c o n d i t i o n ,  FbF-3 s i r p l a n e .  
M R  No. L5B13 
Figure 15. - V a r i a t i o n  of % and d ($kL w i t h  c e n t e r  of 
g r a v i t y  p o s i t i o n ,  g l i d i n g  cond i t ion ,  F 4 F - 3  a i r p l a n e .  
MR NO. L 5 B 1 3  
Figure 16. - Varia t ion  of a t ick- f ixed  and s t i c k - f r e c  neutral 
p o i n t s  w i t h  airplane l i f t  C o e f f i c i e n t ,  g l i d i n g  
and c l i n b i n g  condi t ion,  F6F-3 a i r p l a n e .  
Figure  17. - V a r i a t i o n  of t h e  s t i c k - f i x e d  and s t i c k - f r e e  n e u t r a l  
p o i n t s  w i t h  a i r p l a n e  l i f t  c o e f f i c i e n t ,  l a n d i n g ,  
approach ,  and wave-off c o n d i t i o n ,  F6F-3 a i r p l a n e .  
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Figure lg, - Time h i s t o r y  of a tYpiCal mind-up t u r n  t o  t h e  r i p h c ,  
c e n t e r  of g r a v i t y  28.5 P e r c e n t  Y.A.C.,climbing 
c o n d i t i o n ,  FbF-3 a i r p l a n e .  
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F i g u r e  19. - Tine  h i s t o r v  hf a t y p i c a l  wind-cp t u r n  t o  t h e  r i g h t ,  
c e n t e r  of g r a v i t y  2 E . 5  p e r c e n t  M . A . C .  climbing 
c o r , d i t i o n ,  FoF-3 a i r p l a n e .  
M R  N O .  L 5 B 1 3  
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Figure 22. - Variation Of change i n  elevator .st ick force r i t h  change 
i n  normal acceleration in mind-u turns made a t  various 
altitudes, center of gravity 24.e percent M.A.c.,  
climbing condition, F6F-3 airplane. 
M R  N O .  L5B13 
Figure 23. - V a r i a t i o n  of e l e v a t o r  angle  w i t h  change in a i r p l a n e  l i f t  
c o e f f i c i e n t  i n  r ind-u  t u r n s  made at v a r i o u s  a l t i t u d e s ,  
c e n t e r  of g r a v i t y  24.e percent  Y.A.C . ,  climbing con- 
d i t i o n ,  F6F-3 a i r p l a n e .  
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Figure 24. - Var ia t ion  w i t h  center-of-gravity pos i t  Ion  of stick f o r c e  
*er g and d&,/dC 
a l t i t u d e ,  F6F-3 airplane.  
i n  turns made a t  g,DcC f e e t  p re s su re  
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Figure 25. - Variat ion with a l t i t u d e  of d6,/dCL and dFe/d+ in 
rind-up turns,  F6F-3 a irplane .  
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Figure  28. - T i m e  h i s t o r y  of a t y p i c a l  t h r e e - p o i n t  l a n d i n g ,  
C . G .  21.8 percent  M . A . C . ,  FbF-3 airplane.  
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Figure  30. - V a r i a t i o n  of e l e v a t o r  s t i c k  f o r c e  w i t h  s e r v i c e  i n d i c a t e d  
ai rspeed f o r  two t r i m  t ab  s e t t i n g s ,  g l i d i n g  c o n d i t i o n  
and Climbing c o n d i t i o n ,  F6F-3 a i r p l a n e .  
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